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Due to the lack of information on genetic diversity in Ethiopian faba bean (Vicia faba L.) germplasm and 
the need to study association among seed yield and related components, fifteen genotypes were grown  
at Sinana Agricultural Research Center and on two farmers’ field at Sinja and Adaba, south Eastern 
Ethiopia  in 2007/08 cropping season. At Sinana, number of pods/plants, number of seeds/pod and plant 
height showed significant association with seed yield per plot. Whereas At Adaba, thousand seed 
weight showed significant association with seed yield per plot. Path analysis for seed yield per plot at 
Sinana indicates number of pod/plants, seed per pod, thousand seed weight, stand percent and plant 
height had high positive direct effect at genotypic level. At Sinja, days to flower, days to maturity and 
number of pods/plant had positive direct effect on seed yield per plot whereas at Adaba stand 
percentage, days to flower, days to maturity, number of seeds/pod and thousand seed weight showed 
positive direct effect on seed yield per plot. Path analysis indicates that number of seeds/pod and 
thousand seed weight were the main determinants of yield per plot at Sinana and Adaba.  
 
Key words: Path analysis, direct and indirect effects, correlation. 
 
 
INTRODUCTION 
 
Faba bean (Vicia faba L.) is a diploid species (2n = 12). 
Botanically, it has been divided based on seed size into 
types as minor, equine and major, even though there is 
no discontinuity in seed size between them. This species 
originated in Southwest Asia but its immediate ancestor 
is not known. On the basis of morphological and 
geographical considerations, ancestors have been 
proposed within the species complex Vicia narbonensis 
L. (2n = 14). Faba bean is a partially auto-gamous 
species and naturally out crossing under field condition is 
normally in the range of 20 to 50% (Hawtin and Webb, 
1982). 
In Ethiopia, faba bean is cultivated in the “Wayina 
Dega” Zone (with altitudes 1800 to 2200 m a.s.l., average  
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annual rainfall of 740 mm and mean daily temperature of  
18 to 22°C) and “Dega” Zone (with altitudes >2200 m 
a.s.l, average annual rainfall of 900 mm and mean daily 
temperature of 10 to 18°C). It is grown from June to 
December in rotation with cereals. The national total area 
and production of faba bean in the year 2000 accounted 
for about 42624 ha and 4528.4 tones, respectively. 
4.51% of the total crop area in Ethiopia is covered by 
pulse crops (CSA, 2000).  
Faba bean is an important source of protein 
supplement for the majority of the Ethiopian population 
and is used in various popular dishes and use as a 
source of foreign earning (Asfaw et al., 1994). The green 
immature beans are boiled and eaten as vegetable. The 
mature seeds can be used for feeding livestock, swine, 
and equine and poultry animals. The stock or haulms is 
used as animal feeding staffs. Faba bean also serves as 
a rotational crop which play great role in controlling 
disease epidemics in areas were cereal mono-cropping is 
abundant (Yohannes, 2000).  
  
 
 
Table 1. Lists of faba bean germplasm tested in 
the trial. 
 
Genotypes 
Acc. No 25341 
Acc. No 25383 
Acc. No 98033-3 
Acc. No 99063-2 
Acc. No 98142-2 
Acc. No 99057-4 
Acc. No 99082-3 
Acc. No 99037-9 
Acc. No 98071-4 
Acc. No 98102-2 
Acc. No 99047-1 
EH 99047 - 1 
Dgaga 
Shalo 
Local check 
 
 
 
Selection is an integral part of a breeding program by 
which genotypes with high productivity in a given 
environment could be developed. However, selection for 
high yield is made difficult because of its complex nature. 
Yield per unit area is the end product of components of 
several characters, which are polygenic in inheritance 
and thus are highly influenced by environment. 
Therefore, only little progress could be made over along 
span of time through direct selection for yield. Indirect 
selection through yield components has been proved 
more effective (Ford, 1964). This selection criterion takes 
into account the information on interrelationship among 
agronomic characters, their relationship with grain yield 
as well as their direct influence on grain yield. 
Nevertheless, selection for yield via highly correlated 
characters becomes easy if the contribution of different 
characters to yield is quantified using path coefficient 
analysis (Dewey and Lu, 1959). 
Knowledge of the extent and pattern of variability, 
particularly of genetic variability present in a population of 
a given crop is absolutely essential for further 
improvement of the crop. Similarly, information on the 
extent and nature of interrelationship among characters 
help in formulating efficient scheme of multiple trait 
selection. Besides this, knowledge of the naturally 
occurring diversity in a population helps to identify 
diverse groups of genotypes that can be used for 
hybridization program. In Ethiopia, the information on 
these aspects in faba bean is very scarce. Therefore, 
there is a need to generate information on 
interrelationships of yield and yield related traits among 
faba bean genotypes. Keeping this in view, the present 
study was intended to study associations among yield, 
and yield related traits in faba bean. 
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MATERIALS AND METHODS 
 
The experiment was carried out at three locations. One of the 
experimental sites was at research farm of Sinana Agricultural 
Research Center, Oromia Agriculture Research Institute, and the 
others were at Sinja and Adaba on farmers’ field in Southeastern 
Ethiopia. The experiment was conducted at each location on 
vertisol clay loam soil under rain fed conditions during the meher 
season (August to January) of 2007/2008 cropping season.   
Fifteen faba bean genotypes were used for this study (Table 1). 
The genotypes were arranged in randomized complete block 
design with four replications. Each experimental plot consisted of 
four 4 m long rows with inter-row spacing of 40 cm. Seeding rate 
was applied at the rate of 200 kg/ha and fertilizers were applied at 
the rate of 100 kg DAP/ha. Weeds were controlled by hand. Data 
are collected on both plot and plant basis. 
 
 
Phenotypic (rp) and genotypic (rg) correlation coefficient  
 
Correlation coefficient (r) 
 
Phenotypic correlation, the observable correlation between two 
variables, which includes both genotypic and environmental effects, 
and genotypic correlation, the inherent association between two 
variables were estimated using the standard procedure suggested 
by Miller et al. (1958).  Covariance analysis between all pairs of the 
variables followed the same form as the variance. Thus, estimates 
of genetic covariance component between two traits (σ gxy) and 
the phenotypic covariance component ((σ pxy)) were derived in the 
same fashion as for the corresponding variance components.  
                              
gxyr  =  [ ]yx xy gg
g
2σσ
σ
Χ
 
                                              
pxyr  =  [ ]yx xy pp
p
22 σσ
σ
Χ
 
 
where, xygσ = genotypic covariance of two variables x and y, and 
xypσ = phenotypic covariance of two variable x and y. 
 
 
Path coefficient analysis 
 
Path coefficient analysis was carried out using the phenotypic 
correlation coefficients as well as genotypic correlation coefficients 
to determine the direct and indirect effects of the yield components 
and other morphological characters on seed yield. Path coefficient 
analysis was also conducted to determine the direct and indirect 
effect of various traits on oil content using the general formula of 
Dewey and Lu (1959). 
 
 
Path coefficient 
 
The path coefficient is as follows; 
 
 kjikijij prpr ∑+=    
 
Where, rij  = mutual association between the independent 
character(i) and dependent character (j) as measured by the
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Table 2. Genotypic (columns) and phenotypic (rows) correlation coefficient of 8 characters on faba bean germplasm at Sinana. 
 
Variable Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt. (g) Seed yield (kg/ha) 
Stand % 1 0.242 0.236 -0.105 -0.872 0.351 0.148 0.067 
Days to flower 0.079 1 0.226 0.378 -0.038 0.208 0.118 -0.185 
Days to mature 0.215 0.191 1 -0.048 -0.447 0.482 0.177 -0.267 
Plant height cm) 0.193 0.185 0.372 1 -0.890 0.638 -0.062 -0.386 
No. pod/plant 0.124 -0.124 0.047 -0.003 1 -0.520 -0.716 -0.415 
No. seed/pod -0.074 0.010 -0.166 -0.060 -0.062 1 0.320 0.406 
1000 seed wt. (g) 0.131 0.109 0.259 0.093 -0.115 0.320 1 -0.045 
Seed yield (kg/ha) 0.058 0.005 0.084 -0.009 0.073 0.013 0.093 1 
 
 
 
Table 3. Genotypic (columns) and phenotypic (below diagonal) correlation coefficient of 8 characters on faba bean germplasm at Sinja. 
 
Variable Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt. (g) Seed yield (kg/ha) 
Stand % 1 0.215 0.199 0.349 -0.001 -0.981 0.256 0.240 
Days to flower 0.057 1 0.176 -0.018 -0.023 0.832 -0.090 0.049 
Days to mature 0.203 0.451 1 -0.052 -0.130 0.273 0.057 0.091 
Plant height cm) -0.168 0.113 0.124 1 -0.356 0.744 -0.241 -0.192 
No. pod/plant -0.145 -0.157 -0.151 0.024 1 0.325 -0.164 0.074 
No. seed/pod 0. 122 0.235 0.098 -0.021 0.143 1 -0.430 0.119 
1000 seed wt. (g) 0.0381 0.094 0.119 0.143 -0.0062 0.005 1 -0.113 
Seed yield (kg/ha) 0.214 -0.018 -0.009 0.228 -0.033 0.005 0.084 1 
 
At Adaba (Table 4), seed yield per plot showed positive association with stand percentage, days to flower, days to maturity, number of seeds/pod and thousand seed weight where as 
negatively correlated with plant height and number of pods/plant. 
 
 
 
correlation coefficients. pij = components of direct effects of 
the independent character (i) on the dependent variable (j) 
as measured by the path coefficients, and  ∑rikpkj = 
summation of components of indirect effects of
 
a given 
independent character (i) on a given dependent character 
(j) via all other independent characters (k). 
 
 
RESULT AND DISCUSSION  
 
Correlation studies 
 
Correlation   studies   was  conducted  in  order  to 
know the magnitude of correlation among various 
traits considering the possibility of high yield 
through yield attributes, as primary interest in crop 
improvement is crucial. Estimates of correlation 
coefficient at genotypic and phenotypic level for 
individual locations are given in Tables 2 to 4. 
 
 
Correlation coefficients of seed yield per plot 
with other traits at Sinana 
 
At Sinana (Table 2), seed  yield  per  plot  showed  
positive and highly significant association with   
number of seeds/pod (0.406). Earlier, Yassin 
(1973) had also reported positive correlation of 
seed yield/plot with number of pods/plant and 
seed yield per plant. On the other hand, plant 
height (-0.386) and number of pods/plant (-0.415) 
showed negative but significant association with 
seed yield per plot at genotypic level. The trend 
was same for the associations of seed yield per 
plot with other traits through the values of 
phenotypic correlation coefficients. The correlation 
coefficient   for   other   parameters  indicates  that 
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Table 4. Genotypic (columns) and phenotypic (below diagonal) correlation coefficient of 8 characters on faba bean germplasm at Adaba. 
 
Variable  Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt. (g) Seed yield (kg/ha) 
Stand % 1 0.200 0.221 0.188 -0.005 -0.040 0.287 0.172 
Days to flower 0.142 1 0.220 0.314 0.001 -0.021 0.144 0.168 
Days to mature 0.195 0.241 1 0.485 0.001 -0.099 0.183 0.205 
Plant height cm) 0.287 0.242 0.115 1 0.013 -0.092 0.267 -0.161 
No. pod/plant 0.023 0.013 0.018 0.007 1 -0.001 -0.012 -0.004 
No. seed/pod 0.014 -0.106 -0.011 -0.099 -0.043 1 0.093 0.182 
1000 seed wt. (g) 0.217 0.099 0.176 0.147 0.016 0.004 1 0.339 
Seed yield (kg/ha) 0.317 0.120 0.064 0.373 0.010 -0.052 0.227 1 
 
 
 
Table 5. Estimates of direct (bold) and indirect effects at genotypic levels of 7 traits on seed yield per plot in faba bean at Sinana. 
 
Variable Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt.(g) 
Stand %  0.701 -0.119 -0.071 -0.022 -0.672 0.198 0.051 
Days to flower 0.169 -0.494 -0.068 0.078 -0.029 0.117 0.041 
Days to mature 0.166 -0.112 -0.300 -0.010 -0.344 0.272 0.061 
Plant height (cm) -0.074 -0.187 0.014 0.207 -0.686 0.361 -0.022 
No. pod/plant -0.611 0.019 0.134 -0.184 0.770 -0.294 -0.248 
No. seed/pod 0.246 -0.103 -0.145 0.132 -0.401 0.565 0.111 
1000 seed wt.(g) 0.103 -0.058 -0.053 -0.013 -0.551 0.181 0.347 
 
 
 
stand percentage, days to flower and days to 
maturity had positive correlation with number of 
seeds per pod and thousand seed weight where 
as negatively correlated with all other traits. 
Thousand seed weight also showed positive 
association with number of seeds/pods.  
At Sinja (Table 3), seed yield per plot showed 
positive association with all parameters except 
plant height and thousand seed weight at 
genotypic level. At phenotypic level, seed yield 
per plot showed positive association with stand 
percentage, plant height, number of seeds/plant 
and thousand seed weight. Similarly, the findings 
of Vandana and Dubey (1993) in respective of 
positive association of seed yield per plot with 
plant height, number of branches, pods/plant and 
number of seeds/plant are in agreement with the 
present study.  
 
 
Path analysis 
 
Genotypic direct and indirect effect of seven traits 
on seed yield per plot at Sinana is presented in 
Tables 5 and 6. At Sinana, number of pods/plant 
(0.770) exerted the highest positive direct effect 
followed by stand percentage (0.701), number of 
seeds/pod (0.565) and thousand seed weight 
(0.347). Bakheit and Mahady (1998); Bora et al, 
(1988) and Mridula (1992) also reported positive 
direct effect of number of pods/plant and seed 
weight which is in agreement with the present 
finding. Among these, number of seeds/pod had 
positive and significant genotypic correlation with 
seed yield per plot. Plant height also showed 
positive direct effect (0.207) on seed yield per plot 
whereas days to flowering (-0.494) and days to 
maturity (-0.300) showed negative direct effect on 
seed yield per plot. Though plant height, number 
of pods/plant and thousand seed weight had 
negative association with seed yield per plot, their 
direct effect on seed  yield  per  plot  was  positive 
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Table 6. Estimates of direct (bold values) and indirect effects at phenotypic levels of 7 traits on seed yield per plot in faba bean at Sinana. 
 
Variable Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt.(g) 
Stand %  0.035 -0.001 0.019 0.005 -0.065 0.012 0.010 
Days to flower 0.003 -0.003 0.018 -0.019 -0.003 0.007 0.008 
Days to mature 0.008 -0.001 0.080 0.002 -0.033 0.017 0.012 
Plant height (cm) 0.007 -0.001 -0.004 -0.049 -0.066 0.023 -0.004 
No. pod/plant 0.004 0.0001 -0.0357 0.044 0.075 -0.019 -0.050 
No. seed/pod -0.003 -0.0005 0.0385 -0.031 -0.039 0.036 0.022 
1000 seed wt.(g) 0.005 -0.0003 0.014 0.003 -0.053 0.011 0.070 
 
 
 
Table 7.  Estimates of direct (bold values) and indirect effects at phenotypic levels of 7 traits on seed yield per plot in faba bean at Sinja. 
 
Variable Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt.(g) 
Stand %  0.280 -0.002 -0.019 -0.048 0.002 -0.001 0.002 
Days to flower 0.016 -0.028 -0.043 0.032 0.002 -0.001 0.004 
Days to mature 0.057 -0.012 -0.096 0.035 0.002 -0.001 0.006 
Plant height (cm) -0.047 -0.003 -0.012 0.284 0.000 0.000 0.007 
No. pod/plant -0.040 0.004 0.014 0.007 -0.014 -0.001 -0.003 
No. seed/pod 0.034 -0.006 -0.009 -0.006 -0.002 -0.006 0.002 
1000 seed wt.(g) 0.011 -0.003 -0.011 0.041 0.001 0.003 0.046 
 
At Adaba phenotypic path (Table 8) positive direct effect of plant height (0.261), number of seeds/pod (0.022), and thousand seed weight (0.073) was revealed. Negative 
direct effect were exerted by stand percentage ((-0.077), days to flower (-0.07), days to maturity (-0.020) and number of pods/plant (-0.032). 
 
 
 
and very high. This is due to the counter 
balancing by the negative indirect effect of other 
parameters making their association with seed 
yield negative. The phenotypic direct and indirect 
effect also showed similar trend with the 
corresponding genotypic path.  
At Sinja, the phenotypic (Table 7) path reveled 
that stand percentage (0.280), plant height (0.284) 
and thousand seed weight (0.046) showed 
positive direct effect on seed yield though the 
values are low. Negative direct effect on seed 
yield per plot were exerted by Days to flower (-
0.028), days to maturity (-0.096), number of 
pods/plant (-0.014) and seed/pod (-0.006). Here 
the negative direct effect of number of seeds/pod 
on seed yield was counterbalanced by the positive 
indirect effect of other parameters making the 
association between number of seed/pod and 
seed yield per plot positive.  
 
 
Conclusion  
 
Understanding of the magnitude of variability 
present in crop plants and the degree of 
association between the different agronomic 
characters is of utmost importance as it provides 
the base for effective selection. Keeping in view 
the need to develop suitable varieties of faba 
bean for the highlands of Ethiopia, the present 
study were under taken. These accessions were 
evaluated at the Agricultural Research Center, 
Sinana and on two farmers’ field at Sinja and 
Adaba during 2007/2008 cropping seasons. Data 
on 8 traits, namely, stand percentage, days to 
flowering, days to maturity, plant height, number 
of pods per plant, seeds per pod, thousand seed 
weight, seed yield per plot were recorded. Seed 
yield  per  plot   was   found   to   be   significantly 
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Table 8. Estimates of direct (bold values) and indirect effects at phenotypic levels of 7 traits on seed yield per plot in faba bean at Adaba. 
 
Variable Stand % Days to flower Days to mature Plant height (cm) No. pod/plant No. seed/pod 1000 seed wt.(g) 
Stand %  -0.077 -0.00984 -0.004 0.075 -0.0007 0.0003 0.016 
Days to flower -0.011 -0.070 -0.005 0.063 -0.0004 -0.0024 0.007 
Days to mature -0.015 -0.01675 -0.020 0.030 -0.0006 -0.0002 0.013 
Plant height (cm) -0.022 -0.01682 -0.002 0.261 -0.0002 -0.0022 0.011 
No. pod/plant -0.002 -0.00089 0.000 0.002 -0.032 -0.001 0.001 
No. seed/pod -0.001 0.00739 0.000 -0.026 0.00137 0.022 0.0003 
1000 seed wt.(g) -0.017 -0.00692 -0.003 0.038 -0.0005 0.0001 0.073 
 
 
 
associated with number of seed per pod at 
Sinana. On the other hand, plant height and 
number of pods/plant showed negative but 
significant association with seed yield per plot at 
genotypic level. At Sinja, seed yield per plot 
showed positive association with all parameters 
except number of plant height and thousand seed 
weight at genotypic level. At phenotypic level, 
seed yield per plot showed positive association 
with stand percentage, plant height, number of 
seeds/plant and thousand seed weight. At Adaba, 
seed yield per plot showed positive association 
with stand percentage, days to flower, days to 
maturity, number of seeds/pod and thousand seed 
weight where as negatively correlated with plant 
height and number of pods/plant.  
Path analysis for seed yield per plot at Sinana 
showed number of pods/plant exerted the highest 
positive direct effect followed by stand 
percentage, number of seeds/pod and thousand 
seed weight. At Sinja, the phenotypic path reveled 
that stand percentage, plant height and thousand 
seed weight showed positive direct effect on seed 
yield though the values are low. Negative direct 
effect on seed yield per plot was exerted by Days 
to flower, days to maturity, number of pods/plant 
and seed/pod. At Adaba, phenotypic path 
revealed positive  direct  effect  of  stand  percent, 
plant height, number of seeds/pod, and thousand 
seed weight. Negative direct effect was exerted by 
days to flower, days to maturity and number of 
pods/plant.  
In conclusion, the present investigation indicated 
that there is wide range of genetic variability and 
diversity in Ethiopian faba bean germplasm 
though the present investigation was conducted 
on only a part of it. There is large scope of 
simultaneous improvement in seed yield as well 
as other yield components through selection. It 
would be worthwhile to study more available 
germplasm over years to identify more diverse 
accessions as well as to confirm the importance of 
the traits identified as predictors of yield. 
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